Data are from The Swedish Head and Neck Cancer Register for Oral Cancer, Statistics Sweden, the Swedish National Board of Health and Welfare, and the Swedish Social Insurance Agency. Data from the registers have been merged in a research database. The ethical permit does not allow public sharing. Contact person: Gunilla Sandborgh Englund \<<Gunilla.Sandborgh@ki.se>\>.

Introduction {#sec001}
============

Head and neck (H&N) cancer includes cancers of the oral cavity, sinus & nasal cavities, pharynx, and larynx. It is estimated that 686,000 new diagnoses of H&N cancer were made worldwide in 2012 \[[@pone.0182877.ref001]\]. Prevalence is higher in men, and in men and women at age 50+ years \[[@pone.0182877.ref002]\]; major risk factors are alcohol, tobacco and exposure to the human papilloma virus \[[@pone.0182877.ref003]--[@pone.0182877.ref006]\].

Most H&N cancers are squamous cell in origin. Less common cell origins include salivary gland cells, lymphoid cells, and metastasized cells from distant tumours \[[@pone.0182877.ref007]\].

Treatment usually comprises surgery and/or radiation therapy, based on the stage, type and site of the cancer, the patient's condition, and the expected functional outcome \[[@pone.0182877.ref008]\]. Treatment may also include chemotherapy, as combined or concurrent therapy. Attempts to assure total cancer removal often necessitate surgical margins that are mutilating, requiring the removal of large masses of tissue or entire organs. Subsequent facial and oral reconstruction is then necessary to restore functions and improve the esthetics and quality of life.

Surgical excision and resection can involve major and large areas of the minor salivary glands. Salivary glands are also highly sensitive to radiation \[[@pone.0182877.ref009]\]; consequently, irradiated patients often present with reduced salivary production. Acute radiation effects are caused by acinar cell atrophy and cell death, which occur within a few days or weeks after radiation treatment. Chronic radiation effects are caused by damage to the connective tissue and epithelium of the gland, blood vessels, and nerves within the gland \[[@pone.0182877.ref010]\]. Change in salivary secretion and salivary composition can lead to severe and progressive tooth decay, chronic periodontitis, and oral mucosal discomfort \[[@pone.0182877.ref011]\].

Before cancer treatment, any needed dental treatment and preventive dental care should be done in order to reduce post-treatment risk of infection and dental complications \[[@pone.0182877.ref012], [@pone.0182877.ref013]\]. Teeth with doubtful prognoses should be extracted due to the risk of osteoradionecrosis when extractions are done after radiation therapy. Oral mucositis is a common side effect of radiation in the treatment of H&N cancer and requires attention and supportive care. Dental treatment needs will thus be higher in cancer patients, both during pre-treatment and later as a consequence of the cancer treatment.

In Sweden, various subsidies and schemes within the national health insurance system cover dental care \[[@pone.0182877.ref014]\]. Swedish county councils are responsible for ensuring that all residents are able to receive the dental care they needed. In 2015, the councils spent about 2.3% of the total net cost for health care on dental care \[[@pone.0182877.ref015]\]. To our knowledge, no study to date has explored the cost of dental care for H&N cancer patients. The objective of the present study was to investigate the short- and long-term consumption and costs of dental care in patients with H&N cancer.

Materials and methods {#sec002}
=====================

This cohort study is based on data from regional and national Swedish registers. The personal identification number (PIN), which has been assigned to each Swedish resident since 1947, made it possible to link patient registry data with individual records \[[@pone.0182877.ref016]\]. The study population comprised two cohorts: one exposed cohort and one matched unexposed cohort.

Data sources {#sec003}
------------

The Swedish Head and Neck Cancer Register for Oral Cancer (SweHNCR) \[[@pone.0182877.ref017]\] contains information such as diagnosis, cancer stage, treatment plan, and treatment received as well as data on relapses and survival. Patients who were identified through SweHNCR as diagnosed with H&N cancer made up the exposed cohort. All incident diagnoses were in persons living in Stockholm County who had been diagnosed between January 1999 and December 2013 with H&N cancer (International Classification of Diseases \[ICD\] version 2010, codes ICD9 140--149 and 160--161; ICD10 C00--C14 and C30--C32).

Statistics Sweden maintain national population registers that contain demographic information, such as birthdate, sex, educational level, birth parish, (the Total Population Register) \[[@pone.0182877.ref018]\], migration (the Register of Population and Population Changes) \[[@pone.0182877.ref018]\], and other socio-demographic factors such as income, social welfare benefits, and educational level (the Longitudinal integration database for health insurance and labour market studies \[LISA\] \[[@pone.0182877.ref019]\]. One of the population registers maintained by the Swedish National Board of Health and Welfare is the Cause of Death Register \[[@pone.0182877.ref020]\], which records the date and the primary and the contributory causes of death, coded according to ICD.

By linking the Total Population Register with the SweHNCR, Statistics Sweden was able to construct an unexposed cohort that was matched in all characteristics but cancer with the unexposed cohort. Statistics Sweden matched five Stockholm residents with each exposed patient for sex, age, and county of residency in the year before diagnosis. The unexposed cohort members were alive and residents of Stockholm on the date the matched patients were exposed (diagnosed).

The Swedish Social Insurance Agency (SSIA) maintains data on general dental treatments, including treatment and diagnostic codes and procedure cost. SSIA reports this information, which is used for reimbursement purposes \[[@pone.0182877.ref021]\], to the Dental Health Register at the National Board of Health and Welfare \[[@pone.0182877.ref022]\]. Both registers were started in July 2008.

Since the National Dental Health Insurance scheme was reformed in 1999, each county council administers and subsidizes dental care that is part of medical healthcare treatment: dental healthcare treatment (DHT). DHT is not reported to the SSIA or the Dental Health Register.

Demographics {#sec004}
------------

The total Population Register, the Register of Population and Population Changes, and the Cause of Death Register were used to identify dates of birth, death, immigration, and emigration for all subjects. Information on socio-economic characteristics including educational level and income, was obtained through linkage to LISA. The level of education was the highest education attained, categorized into primary school, secondary school, and post-secondary school (university level). Income data were retrieved as family derived individual income, that is, the sum of the income of all family members divided by the number of members.

Dental care {#sec005}
-----------

SSIA supplied information on dental care consumption, while Stockholm County's administrative register provided data on DHT. Thus, date of treatment, the procedure codes, and dental care costs were retrieved from SSIA. Number of remaining teeth at baseline was obtained from the Dental Health Register. Data from SSIA and Dental Health Register were retrieved from July 2008 and December 2013. DHT data, which included year of treatment, procedure codes, and dental care costs, were retrieved between 1999 and December 2013.

Total annual dental care consumption was obtained by summing data from SSIA and DHT. Dental procedures were grouped according to the procedure codes in the Dental Care Benefits Scheme ([Table 1](#pone.0182877.t001){ref-type="table"}).

10.1371/journal.pone.0182877.t001

###### Categories and dental care procedures.

![](pone.0182877.t001){#pone.0182877.t001g}

  Category                               Description
  -------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------
  Examination                            All procedures related to the clinical examination, including clinical and radiographic examination, saliva sampling, biopsies
  Preventive and supportive procedures   Information and non-operative procedures. Non-surgical treatment of periodontal disease, caries excavation, and temporary fillings
  Restorative procedures                 Permanent fillings
  Prosthodontic procedures               All procedures related to fixed, removable and implant supported prosthodontics
  Surgical procedures (dento-alveolar)   Tooth extractions, implant placement, periodontal surgery
  Endodontic procedures                  All procedures related to endodontics

Exposure {#sec006}
--------

The exposure date was defined as the date of the cancer diagnosis. The exposed cohort was dichotomized into patient with H&N cancer who had received radiotherapy and patient with H&N cancer who did not receive radiotherapy.

Outcome variables {#sec007}
-----------------

The two outcome variables are annual costs for dental care (direct costs to the patient and total costs) and annual number of dental procedures.

In the analyses of long-term effects, annual costs were the mean cost or the mean number of procedures per year, where the mean was calculated for each patient over the available years (2009--2013).

Follow-up period {#sec008}
----------------

The cohort members were followed in person-years from the entry date until the date of death or migration, or until the end of the follow-up (31 December 31 2013), whichever occurred first. If the patient died or migrated before the end of the follow-up, the matched subjects in the unexposed cohort were removed from the analysis at that time point.

Dental care consumption and cost were compared between the exposed irradiated cohort, the exposed non-irradiated cohort, and the unexposed cohort. Two follow-ups were done:

-   The short-term follow-up comprised data from two years before and after the date of cancer diagnosis.

-   The long-term follow-up, comprised data in the year after the short-term follow-up (beyond the first two calendar years after cancer diagnosis).

For a year to be included in the analyses, a patient had to be followed for the complete calendar year.

Statistical analysis {#sec009}
--------------------

The dental care consumption, both costs and number of procedures per year, was analyzed by analysis of covariance (ANCOVA). The models included the following categorical covariates: subgroup (exposed non-irradiated subgroup, exposed irradiated subgroup, and unexposed cohort), year of diagnosis (index year), year relative to index year, age (\<20, 20--59, 60--79, 80+ years), number of teeth at baseline (0--9, 10--19, 20--32, missing information), education (primary school, secondary school, university, missing information), and income based on tertiles (lower 3^rd^, middle 3^rd^, upper 3^rd^, missing information). Age, number of teeth at baseline, educational level, and income were recorded for the index year.

In the short-term analysis, subjects are random effects. In the long-term analysis, the "group\*year" interaction was not statistically significant. The subjects and the covariate "year relative to index year" were excluded from the long-term follow-up model since annual number of procedures or costs were means over the available year (2009--2013). Number of remaining teeth was not recorded prior to 2008, so this variable was also not included in the ANCOVA models of the long-term follow-up.

All analyses were done using the Statistical Analysis System (SAS®) package version 9.4. The Regional Ethical Review Board in Stockholm, Sweden, approved the study (Dnr 2012/2051-31/5 and 2015/257-32).

Results {#sec010}
=======

In total, 2,754 persons were included in the exposed cohort and 13,036 persons in the unexposed. One person in the exposed cohort had no matched unexposed persons and was excluded; the overall matching ratio was 4.7.

The short-term follow-up included patients with H&N cancer who were diagnosed between January 2010 and December 2012 and for whom data on dental treatment between 2009 and 2013 were available, and the matched unexposed cohort. Thus, the analysis comprised 834 in the exposed cohort and 4,117 in the unexposed ([Table 2](#pone.0182877.t002){ref-type="table"}). In the exposed cohort, 38% had received radiation treatment.

10.1371/journal.pone.0182877.t002

###### Number of individuals in each cohort in relation to study design.
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  Category                                                     Exposed cohort   Unexposed cohort           
  ------------------------------------------------------------ ---------------- ------------------ ------- --------
  From registry                                                2 754            1 422              1 332   13 036
  Matched                                                      2 753            1 421              1 332   13 036
  Short-term follow-up[^1^](#t002fn001){ref-type="table-fn"}   834              316                518     4 117
  Long-term follow-up[^2^](#t002fn002){ref-type="table-fn"}    1 032            640                392     4 622

^1^ Follow-up for 2 years before and after cancer diagnosis.

^2^ Follow-up \> 2 years after cancer diagnosis.

The long-term follow-up comprised patients diagnosed with H&N cancer between January 2000 and December 2007 for whom data on dental treatment during 2009--2013 were available, and the matched unexposed cohort. The total number was 1,032 persons in the exposed cohort and 4,662 in the unexposed. Among the exposed cohort, 38% received radiation treatment.

Short-term follow-up {#sec011}
--------------------

[Table 3](#pone.0182877.t003){ref-type="table"} presents the demographic characteristics of the two subgroups in the exposed cohort and of the unexposed cohort. The exposed cohort had a slightly lower level of education and income compared to the unexposed. They also had a slightly lower number of remaining teeth at baseline. The irradiated subgroup contained a lower proportion of females compared to the non-irradiated subgroup. In addition, the irradiated subgroup were younger, consumed less dental care and more often had no dental records prior to cancer diagnosis compared to the non-irradiated subgroup and the unexposed cohort.

10.1371/journal.pone.0182877.t003

###### Characteristics of the exposed and unexposed cohorts in the short-term follow-up[^1^](#t003fn001){ref-type="table-fn"}.
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  Characteristics[^2^](#t003fn002){ref-type="table-fn"}        Description   Exposed cohort   Unexposed                     
  ------------------------------------------------------------ ------------- ---------------- -------------- -------------- ---------------
  Total                                                        N             834 (100.0%)     316 (100.0%)   518 (100.0%)   4117 (100.0%)
  Sex                                                          Male          500 (60.0%)      161 (50.9%)    339 (65.4%)    2465 (59.9%)
  Female                                                       334 (40.0%)   155 (49.1%)      179 (34.6%)    1652 (40.1%)   
  Age (years)                                                  Mean (SD)     65.7 (14.6)      67.7 (15.2)    64.5 (14.1)    65.5 (14.5)
  \< 20                                                        8 (1.0%)      3 (0.9%)         5 (1.0%)       42 (1.0%)      
  20 --\< 60                                                   240 (28.8%)   73 (23.1%)       167 (32.2%)    1206 (29.3%)   
  60 --\< 80                                                   456 (54.7%)   178 (56.3%)      278 (53.7%)    2252 (54.7%)   
  80 +                                                         130 (15.6%)   62 (19.6%)       68 (13.1%)     617 (15.0%)    
  Education                                                    Missing       20 (2.4%)        11 (3.5%)      9 (1.7%)       90 (2.2%)
  Primary                                                      214 (25.7%)   86 (27.2%)       128 (24.7%)    995 (24.2%)    
  Secondary                                                    351 (42.1%)   122 (38.6%)      229 (44.2%)    1634 (39.7%)   
  University                                                   249 (29.9%)   97 (30.7%)       152 (29.3%)    1398 (34.0%)   
  Family income                                                Missing       4 (0.5%)         1 (0.3%)       3 (0.6%)       10 (0.2%)
  Lower 3rd                                                    196 (23.5%)   76 (24.1%)       120 (23.2%)    832 (20.2%)    
  Middle 3rd                                                   267 (32.0%)   106 (33.5%)      161 (31.1%)    1298 (31.5%)   
  Upper 3rd                                                    367 (44.0%)   133 (42.1%)      234 (45.2%)    1977 (48.0%)   
  Number of teeth                                              Mean (SD)     24.2 (7.2)       24.0 (7.4)     24.3 (7.1)     24.8 (6.3)
  20 or more                                                   489 (58.6%)   197 (62.3%)      292 (56.4%)    2721 (66.1%)   
  10--19                                                       73 (8.8%)     28 (8.9%)        45 (8.7%)      312 (7.6%)     
  0--9                                                         42 (5.0%)     18 (5.7%)        24 (4.6%)      149 (3.6%)     
  Missing                                                      230 (27.6%)   73 (23.1%)       157 (30.3%)    935 (22.7%)    
  Costs[^3^](#t003fn003){ref-type="table-fn"}                  Mean (SD)     3440 (8007)      3526 (6738)    3387 (8699)    3546 (7423)
  Any dental procedure[^4^](#t003fn004){ref-type="table-fn"}   N             501 (60.6%)      212 (67.5%)    289 (56.3%)    2808 (68.5%)

^1^ Comprises patients who were diagnosed with H&N cancer during 2010--2012, had recorded data in the time period 2009--2013 and recorded data for the time frame ±2 years of the year of cancer diagnosis, and the unexposed cohort.

^2^ All characteristics determined at baseline, the year before the year of cancer diagnosis.

^3^ Total annual costs for dental care utilization (SEK 100 is approximately EUR 10).

^4^ Number of subjects with at least one dental procedure on record

Non-irrad = Non-irradiated; Irrad = Irradiation; SD = standard deviation

Dental care consumption increased significantly in conjunction with a diagnosis of H&N cancer. [Fig 1](#pone.0182877.g001){ref-type="fig"} shows the adjusted mean dental care consumption two years before and after a diagnosis of cancer. In the year of diagnosis and in the following year, total costs were statistically significantly higher in the exposed cohort ([Fig 1A](#pone.0182877.g001){ref-type="fig"}); the cohort also underwent a higher number of dental procedures ([Fig 1B](#pone.0182877.g001){ref-type="fig"}). The irradiated subgroup had statistically significantly higher costs and numbers of procedures compared to the unexposed cohort and the non-irradiated subgroup (ANCOVA, *p* \< .0001). [Fig 1C](#pone.0182877.g001){ref-type="fig"} shows, direct costs to the patient did not differ significantly between groups.

![Short-term follow-up of the exposed subgroups with and without radiation treatment, and the unexposed cohort for two years before and after the diagnosis of cancer.\
**ANCOVA model results.** A) Mean total cost for dental care. B) Mean number of annual dental procedures. C) Mean direct costs to the patient.](pone.0182877.g001){#pone.0182877.g001}

[Table 4](#pone.0182877.t004){ref-type="table"} shows the differences between cohorts for dental procedure categories. The main difference was a statistically significantly higher number of examinations and of preventive and supportive procedures. The irradiated subgroup had a mean of 3.9 examination procedures in the year of diagnosis, whereas the corresponding number in non-irradiated patients with H&N cancer was 2.1. The numbers of examination procedures declined for the two following years but remained higher than in the unexposed cohort. The unexposed cohort remained at a relatively stable level of 1.1--1.2 procedures per year. The same pattern was seen for preventive and supportive procedures, that is, a considerable increase in the irradiated subgroup, from 0.7 procedures per year before treatment up to 2.7 the year after the diagnosis of cancer. The same pattern was observed, but less pronounced, in the non-irradiated subgroup. In addition, numbers of prosthodontic-related and surgical procedures increased in both subgroups.

10.1371/journal.pone.0182877.t004

###### Short-term follow-up: Dental treatment before and after cancer diagnosis.

Numbers of dental procedures annually in the exposed and unexposed cohorts (ANCOVA model)[^1^](#t004fn001){ref-type="table-fn"}.
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  Dental procedure category   Year of relative diagnosis   Exposed cohort       Unexposed            Pairwise comparisons                       
  --------------------------- ---------------------------- -------------------- -------------------- ---------------------- --------- --------- --------
  Examination                 -2                           1.05 (0.79--1.31)    1.01 (0.78--1.24)    1.08 (0.92--1.24)      NS        NS        NS
  -1                          1.16 (0.93--1.40)            0.98 (0.77--1.18)    1.10 (0.94--1.26)    NS                     NS        NS        
  0                           2.10 (1.86--2.34)            3.88 (3.67--4.08)    1.12 (0.96--1.28)    \< .001                \< .001   \< .001   
  1                           1.89 (1.65--2.13)            2.88 (2.68--3.09)    1.10 (0.95--1.26)    \< .001                \< .001   \< .001   
  2                           1.46 (1.16--1.76)            1.43 (1.19--1.67)    1.19 (1.03--1.36)    NS                     \< .05    NS        
  Preventive and supportive   -2                           0.81 (0.60--1.03)    0.74 (0.55--0.93)    0.73 (0.59--0.87)      NS        NS        NS
  -1                          0.79 (0.59--0.99)            0.68 (0.51--0.85)    0.73 (0.60--0.87)    NS                     NS        NS        
  0                           1.36 (1.16--1.55)            2.48 (2.31--2.66)    0.75 (0.61--0.89)    \< .001                \< .001   \< .001   
  1                           1.65 (1.45--1.85)            2.67 (2.49--2.84)    0.72 (0.58--0.86)    \< .001                \< .001   \< .001   
  2                           1.10 (0.86--1.33)            1.20 (1.00--1.39)    0.74 (0.59--0.88)    \< .001                \< .001   NS        
  Restorative                 -2                           0.70 (0.49--0.90)    0.43 (0.25--0.62)    0.44 (0.32--0.57)      \< .001   NS        \< .05
  -1                          0.42 (0.23--0.60)            0.37 (0.21--0.53)    0.46 (0.34--0.58)    NS                     NS        NS        
  0                           0.55 (0.36--0.73)            0.28 (0.12--0.44)    0.44 (0.32--0.56)    NS                     \< .01    \< .01    
  1                           0.40 (0.21--0.59)            0.32 (0.16--0.49)    0.38 (0.26--0.51)    NS                     NS        NS        
  2                           0.41 (0.17--0.64)            0.46 (0.27--0.65)    0.40 (0.27--0.53)    NS                     NS        NS        
  Prosthodontic               -2                           0.58 (0.36--0.80)    0.48 (0.28--0.67)    0.46 (0.34--0.58)      NS        NS        NS
  -1                          0.43 (0.24--0.63)            0.41 (0.25--0.58)    0.44 (0.32--0.55)    NS                     NS        NS        
  0                           0.49 (0.30--0.68)            0.67 (0.51--0.84)    0.41 (0.29--0.52)    NS                     \< .001   NS        
  1                           0.66 (0.46--0.86)            0.88 (0.71--1.04)    0.42 (0.31--0.54)    \< .01                 \< .001   \< .05    
  2                           0.56 (0.30--0.82)            0.50 (0.29--0.70)    0.43 (0.31--0.55)    NS                     NS        NS        
  Surgical                    -2                           0.20 (0.09--0.31)    0.24 (0.15--0.33)    0.20 (0.15--0.26)      NS        NS        NS
  -1                          0.18 (0.09--0.28)            0.30 (0.22--0.38)    0.20 (0.15--0.26)    NS                     \< .01    \< .05    
  0                           0.32 (0.22--0.41)            0.47 (0.40--0.55)    0.18 (0.13--0.24)    \< .01                 \< .001   \< .01    
  1                           0.20 (0.11--0.30)            0.25 (0.17--0.33)    0.17 (0.12--0.23)    NS                     \< .05    NS        
  2                           0.16 (0.03--0.28)            0.26 (0.16--0.36)    0.17 (0.11--0.23)    NS                     \< .05    NS        
  Endodontic                  -2                           0.06 (-.00--0.12)    0.03 (-0.03--0.08)   0.07 (0.03--0.10)      NS        NS        NS
  -1                          0.03 (-.02--0.09)            0.06 (0.01--0.10)    0.06 (0.03--0.09)    NS                     NS        NS        
  0                           0.04 (-.01--0.09)            0.07 (0.03--0.12)    0.07 (0.04--0.10)    NS                     NS        NS        
  1                           0.03 (-.02--0.09)            0.06 (0.01--0.10)    0.06 (0.03--0.09)    NS                     NS        NS        
  2                           0.11 (0.03--0.18)            0.04 (-0.01--0.10)   0.07 (0.04--0.10)    NS                     NS        NS        

^1^ The ANCOVA model included covariates described in [Table 3](#pone.0182877.t003){ref-type="table"}: Group (Exposed non-irradiated subgroup, exposed irradiated subgroup, and unexposed cohort), year of diagnosis (index year), year relative to the year of cancer diagnosis, age, oral status (number of teeth), highest education, family derived individual income.

NS = not significant, Non-irrad = non-irradiated; Irrad = Irradiated, Unexp = unexposed; LSMeans = Least-squares means

Long-term follow-up {#sec012}
-------------------

[Table 5](#pone.0182877.t005){ref-type="table"} presents the characteristics of the persons included in the analysis. The two cohorts had similar age and sex distributions. Similar to persons included in the short-term follow-up, the unexposed cohorts had slightly higher education and income than the exposed cohort. The mean age at diagnosis in the long-term follow-up was lower compared to the cohorts in the short-term follow-up (Tables [3](#pone.0182877.t003){ref-type="table"} and [5](#pone.0182877.t005){ref-type="table"}).

10.1371/journal.pone.0182877.t005

###### Characteristics of the exposed and unexposed cohorts in the long-term follow-up[^1^](#t005fn001){ref-type="table-fn"}.
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  Characteristic[^2^](#t005fn002){ref-type="table-fn"}   Description   Exposed cohort   Unexposed                     
  ------------------------------------------------------ ------------- ---------------- -------------- -------------- ---------------
  Total                                                  N             1032 (100.0%)    640 (100.0%)   392 (100.0%)   4622 (100.0%)
  Sex                                                    Male          623 (60.4%)      369 (57.7%)    254 (64.8%)    2765 (59.8%)
  Female                                                 409 (39.6%)   271 (42.3%)      138 (35.2%)    1857 (40.2%)   
  Age (years)                                            Mean (SD)     61.7 (13.5)      62.7 (14.0)    60.0 (12.5)    60.6 (13.1)
  \< 20                                                  9 (0.9%)      8 (1.3%)         1 (0.3%)       43 (0.9%)      
  20 --\< 60                                             433 (42.0%)   249 (38.9%)      184 (46.9%)    2089 (45.2%)   
  60 --\< 80                                             496 (48.1%)   311 (48.6%)      185 (47.2%)    2189 (47.4%)   
  80 +                                                   94 (9.1%)     72 (11.3%)       22 (5.6%)      301 (6.5%)     
  Education                                              Missing       24 (2.3%)        19 (3.0%)      5 (1.3%)       107 (2.3%)
  Primary                                                299 (29.0%)   191 (29.8%)      108 (27.6%)    1147 (24.8%)   
  Secondary                                              421 (40.8%)   256 (40.0%)      165 (42.1%)    1905 (41.2%)   
  University                                             288 (27.9%)   174 (27.2%)      114 (29.1%)    1463 (31.7%)   
  Family income                                          Missing       7 (0.7%)         7 (1.1%)                      35 (0.8%)
  Lower 3rd                                              382 (37.0%)   237 (37.0%)      145 (37.0%)    1608 (34.8%)   
  Middle 3rd                                             372 (36.0%)   230 (35.9%)      142 (36.2%)    1556 (33.7%)   
  Upper 3rd                                              271 (26.3%)   166 (25.9%)      105 (26.8%)    1423 (30.8%)   

^1^ Includes patients who were diagnosed with H&N cancer during 2000--2007 and had recorded data in the time period 2009--2013, and the unexposed cohort.

^2^ All characteristics determined at baseline, the year before the year of cancer diagnosis.

SD = standard deviation

Tables [6](#pone.0182877.t006){ref-type="table"} and [7](#pone.0182877.t007){ref-type="table"} present the ANCOVA results for the adjusted total dental care consumption. Total dental care costs were statistically significantly higher in the exposed cohort compared to the unexposed cohort (*p* \< .0001), whereas direct costs to the patient were significantly lower in the irradiated subgroup, compared to the non-irradiated and to the unexposed cohort. The exposed cohort received a significantly higher number of procedures in all procedure categories except for endodontics ([Table 7](#pone.0182877.t007){ref-type="table"}). Restorative procedures were significantly higher in the irradiated subgroup compared to the unexposed cohort (*p* \< .05), but no significant difference between non-irradiated subgroup and the unexposed cohort.

10.1371/journal.pone.0182877.t006

###### Long-term follow-up: Dental treatment costs (direct costs to the patient and total costs) in the exposed and unexposed cohorts (ANCOVA model)[^1^](#t006fn001){ref-type="table-fn"}.
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  Variable                      Exposed subgroup    Unexposed           Pairwise comparisons                       
  ----------------------------- ------------------- ------------------- ---------------------- --------- --------- --------
  Direct costs to the patient   1578 (1312--1844)   1205 (882--1528)    1551 (1352--1750)      NS        \< .05    \< .05
  Total costs                   4673 (4065--5282)   4730 (3992--5468)   2572 (2116--3027)      \< .001   \< .001   NS

^1^ The ANCOVA model included covariates as described in [Table 5](#pone.0182877.t005){ref-type="table"}: Group (Exposed non-irradiated subgroup, Exposed irradiated subgroup, and Unexposed cohort), year of diagnosis (index year), age, highest education, family derived individual income costs in SEK (SEK 100 is approximately EUR 10)

NS = not significant; Non-irrad = non-irradiated; Irrad = irradiated; Unexp = unexposed; LSMeans = Least-squares means

10.1371/journal.pone.0182877.t007

###### Long-term follow-up: Number of annual dental procedures in the exposed and unexposed cohorts (ANCOVA model)[^1^](#t007fn001){ref-type="table-fn"}.

![](pone.0182877.t007){#pone.0182877.t007g}

  Dental care procedure category   Exposed subgroup    Unexposed           Pairwise comparisons                       
  -------------------------------- ------------------- ------------------- ---------------------- --------- --------- ----
  All dental procedures            3.51 (3.15--3.87)   3.44 (3.00--3.87)   2.70 (2.43--2.97)      \< .001   \< .001   NS
  Examination                      1.38 (1.25--1.51)   1.28 (1.12--1.44)   1.11 (1.01--1.21)      \< .001   \< .05    NS
  Preventive and supportive        0.88 (0.76--0.99)   0.93 (0.79--1.06)   0.73 (0.64--0.81)      \< .001   \< .001   NS
  Restorative                      0.54 (0.43--0.64)   0.61 (0.48--0.74)   0.48 (0.40--0.55)      NS        \< .05    NS
  Prosthodontic                    0.45 (0.35--0.54)   0.34 (0.23--0.46)   0.21 (0.14--0.29)      \< .001   \< .01    NS
  Surgical                         0.18 (0.14--0.23)   0.18 (0.12--0.23)   0.11 (0.08--0.14)      \< .001   \< .01    NS
  Endodontic                       0.05 (0.03--0.08)   0.05 (0.02--0.08)   0.05 (0.04--0.07)      NS        NS        NS

^1^ The ANCOVA model included covariates as described in [Table 5](#pone.0182877.t005){ref-type="table"}: Group (Exposed non-irradiated subgroup, Exposed irradiated subgroup, and Unexposed cohort), year of diagnosis (index year), age, highest education, family derived individual income costs in SEK (SEK 100 is approximately EUR 10)

NS = not significant; Non-irrad = non-irradiated; Irrad = irradiated; Unexp = unexposed; LSMeans = Least-squares means

Discussion {#sec013}
==========

The present study uses register data on the Stockholm County population from 1999 to 2013 to compare dental treatment consumption and costs in a period of two years before and after a cancer diagnosis and more than two years after a cancer diagnosis, between patients with H&N cancer and patients without H&N cancer, matched by age and sex. Sub-group comparisons were also made between the unexposed cohort, patients with H&N cancer who had received radiation therapy, and patients with H&N cancer who did not. The results show a statistically and clinically significant increase in consumption and costs for dental care among irradiated and non-irradiated subgroups in the year of diagnosis and the year after. Consumption and costs for dental care decline slowly but remain slightly higher compared to the unexposed cohort, also in the long-term follow-up.

Date of cancer diagnosis and the unavailability of data on confounding factors may affect the results. The populations of patients with H&N cancer in the short- and long-term follow-ups were diagnosed during different time periods and may have received varying health and dental care as well as financial support. Between 1999 and 2013, however, there was no major change in the dental care remuneration system \[[@pone.0182877.ref014]\], and the influence of the year of cancer diagnosis on the comparison between the short- and long-term follow-ups should be minimal.

Confounding factors might influence the between-group comparisons. First, data on smoking and alcohol were unavailable. Tobacco and alcohol consumption have been shown to increase the risk of oral and oropharyngeal squamous cell carcinoma in a Swedish population \[[@pone.0182877.ref023], [@pone.0182877.ref024]\]; in addition, these risk factors are also associated with tooth loss \[[@pone.0182877.ref025], [@pone.0182877.ref026]\]. However, the mean number of teeth and the annual number of dental procedures at one year and two years before cancer diagnosis were similar, suggesting that the cohorts had similar dental health prior to the cancer diagnosis.

Second, the unexposed cohorts in both the short- and long-term follow-ups were more highly educated and had higher incomes, both of which have been shown to be positively associated with dental care consumption \[[@pone.0182877.ref027], [@pone.0182877.ref028]\]. In contrast, dental care utilization and costs for dental care before cancer diagnosis were similar, which indicates that lower income and education should not contribute significantly to the differences in dental care consumption and cost for care in the year of the cancer diagnosis and the follow-up years in this study. Therefore, time of cancer diagnosis, smoking, and alcohol were not expected to substantially influence the between-group comparisons.

The strength of the study is the completeness of the data from the various registries linked through the Swedish PIN, including all patients diagnosed with H&N cancer in Stockholm County. The missing data after matching were only due to death or emigration.

Data on dental care consumption from SSIA were available since July 2008, which restricted the analysis to the present study design. In addition, since the County-administered DHT was not reported to the national registries, the present study is based on patients from Stockholm County only. Thus, the results are not generalizable to other populations.

Dental care utilisation is expected to increase after a diagnosis of H&N cancer, especially in patients who receive radiation treatment \[[@pone.0182877.ref029]\]. The results of our study also show that the mean numbers of dental procedures and costs were statistically significantly highest in the irradiated subgroup in the year of diagnosis and in the following year.

Considering the types of dental procedures, the differences for procedures related to prevention and support are both statistically and clinically significant. The mean number of annual examinations and preventive procedures in the irradiated subgroup one-year following the cancer diagnosis were 2.9 and 2.7 compared to 1.1 and 0.7 in the unexposed cohort, a difference of about two procedures per year. Short recall intervals are often needed, for example, due to the acute side effects of irradiation such as oral mucositis, a severe inflammation of oral mucosa \[[@pone.0182877.ref030]\].

Low cariogenic food, and fluoride supplementation can reduce caries development. A study in Australia shows that irradiated patients with H&N cancer who had regular dental examination and recurrent oral hygiene instruction, and patients who adhered strictly to a non-cariogenic diet or used high concentration fluoride toothpaste daily had significantly lower caries development at 12-months post-treatment than non-compliant patients \[[@pone.0182877.ref031]\]. Thus, rigorous dental procedures related to primary and secondary prevention in the year of diagnosis and the following years should be beneficial in the long term. In the present study, the differences between all types of procedures between the exposed and the unexposed cohorts more than two years following the cancer diagnosis, though statistically significant, are less than 1 procedure per year. Clinically, these annual differences can be considered low.

Under the Swedish insurance system, DHT subsidies (for dental care as part of the medical healthcare treatment) do not cover permanent restorations for caries treatment. This most likely results in the majority of caries treatment procedures being registered as preventive and supportive procedures \[[@pone.0182877.ref032]\]; as a consequence, we found no significant differences in numbers of restorative procedures before and after the year of cancer diagnosis. In the long-term follow-up, compared to the unexposed cohort, the annual numbers of restorative procedures were statistically higher in the irradiated subgroup but not in the non-irradiated. Clinically, however, the difference can be considered unexpectedly small.

The long-term follow--up found that the exposed cohort had statistically significantly higher total costs and numbers of procedures than the non-exposed. The difference in total yearly costs is about SEK 2,100 (approximately EUR 210), whereas the difference in number of procedures is less than one per year. Although the costs for dental care were higher, the direct costs to the patient did not differ compared to the unexposed cohort. The interpretation is that the exposed cohort is subject to more complicated and expensive procedures compared to the non-exposed. Under the Swedish dental insurance system, the cost of dental treatment is under a high-cost protection scheme \[[@pone.0182877.ref033]\], which compensates patients in need of extensive dental rehabilitation. In addition, patients who suffer from hyposalivation due to, for example, radiation treatment are entitled to additional compensation through a special dental care allowance, subsidies for preventive and restorative care, in order to reduce the risk of deteriorating dental health. The results of the present study indicate that the Swedish dental insurance system is efficient in the protection of these vulnerable patient groups against additional expenditure for dental care.

Comparisons of costs for dental treatment in the short- and long-term analyses found that the differences in subsidized total costs between the irradiated cohort and the unexposed cohort in the diagnosis year were about SEK 9,000 (approximately EUR 900) per person and year, but was only about SEK 2,100 (approximately EUR 210) in the long-term follow-up.

Conclusions {#sec014}
===========

The present study reports a marked increase in consumption and costs for dental care among irradiated and non-irradiated patients with H&N cancer in the year of diagnosis and the following year. Thereafter, dental care consumption and costs decline but remains at a slightly higher level than among subjects with no H&N cancer. Frequent examination and preventive care may protect these patients from additional costs for dental care, but further studies on the cost-effectiveness of dental care for patients with H&N cancer are needed.
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###### Characteristics of the exposed and unexposed cohorts in the short-term follow--up^1^.

^1^ Comprises patients who were diagnosed with H&N cancer during 2010--2012, had recorded data in the time period 2009--2013 and recorded data for the time frame ±2 years of the year of diagnosis, and the matched population without H&N cancer. ^2^ All characteristics determined at baseline, the year before the year of cancer diagnosis. ^3^ Total annual costs for dental care utilization (SEK 100 is approximately EUR 10). ^4^ Number of subjects with at least one dental procedure on record.
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Click here for additional data file.

###### Characteristics of the exposed and unexposed cohorts in the long-term follow up^1^.

^1^ Comprises patients who were diagnosed with H&N cancer during 2000--2007 and had recorded data in the time period 2009--2013, and the matched population without H&N cancer. ^2^ All characteristics determined at baseline, the year before the year of cancer diagnosis.

(PDF)

###### 

Click here for additional data file.

###### Short-term follow-up: Costs before and after cancer diagnosis in the exposed and unexposed cohorts---Unadjusted analysis.
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Click here for additional data file.

###### Short-term follow-up: Number of procedures before and after cancer diagnosis in the exposed and unexposed cohorts (ANCOVA model)---Unadjusted analysis.
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###### Long-term follow-up: Costs before and after cancer diagnosis in the exposed and unexposed cohorts---Unadjusted analysis.
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Click here for additional data file.

###### Long-term follow-up: Number of procedures before and after cancer diagnosis in the exposed and unexposed cohorts (ANCOVA model)---Unadjusted analysis.

(PDF)

###### 

Click here for additional data file.
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